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[57] ABSTRACT

A semiconductor integrated circuit including; an in-
verter circuit including a pair of transistors of different
conductivities and a level shift circuit, one transistor
being supplied with an input signal via the level shift
circuit, the other transistor being supplied with the
input signal directly, and the level shift circuit having
an amount of level shift such that, when an input signal
of a transition level for distinguishing a logic level in the
inverter circuit is received, the level of the Input signal

via the level shift circuit is shifted near to the threshold
level of the other transistor.

4 Claims, 2 Drawing Sheets
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1
INPUT CIRCUIT HAVING LEVEL SHIFT

This is a continuation of co-pending application Ser.
No. 836,060 filed on Mar. 4, 1986.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a semiconductor
integrated circuit. Particularly, the present invention is
directed to a semiconductor integrated circuit provided
with an input circuit device which can detect a level of
an input signal having a range narrower than the power
supply voltage.

2. Description of the Related Art

In a semiconductor integrated circuit, an input signal
having an input level having a range narrower than the
power supply voltage of the circuit (for example, when
the power supply voltage is 10 V, the input signal has a
level of 5 V) is often applied to its input circuit.

In some cases, the semiconductor integrated circuit
will have a power supply voltage of a predetermined
value (for example, 10 V), and the output signal of a
prior art semiconductor integrated circuit having a
power supply source lower in value (for example, 5 V)
will be input thereto. In other cases, the semiconductor
integrated circuit may be a special one (for example, a
metal-oxide semiconductor (MOS) circuit) and the out-
put signal of a prior art semiconductor integrated cir-
cuit (for example, a transistor-transistor logic (TTL)
with a different logic amplitude will be input thereto. In
- such cases, the latter semiconductor integrated circuit

recieves an input signal with an input level having a
range narrower than the power supply voltage, as men-
tioned above.

The input circuit of such a semiconductor integrated
circuit can consist of an inverter circuit including a pair
of transistors. That is, the inverter includes a P channel
transistor and N channel transistor, each having a gate
connected to an input terminal. o

In such an input circuit, as explained in detail herein-
after, both the P channel transistor and N channel tran-
sistor in the input circuit may be ON at the same time,
resulting in consumption of a large amount of power,
and reducing the inverting speed. Further, there is the
problem of only the N channel transistor being
switched on and off along with variations in the input
signal, whereupon the output obtained from the output

terminal OUT becomes insufficient to perform a level
change operation.

SUMMARY OF THE INVENTION

~An object of the present invention is to provide a
semiconductor integrated circuit which can solve the
above-mentioned problems of conventional circuits.

Another object of the present invention is to provide
a semiconductor integrated circuit having an input cir-
cuit which can precisely detect the level change in the
input level of an input signal having a range narrower
than the power supply source, and which operates sta-
bly and at a high speed without consuming excess
power. |

For the purpose of solving the problems mentioned
above, according to the present invention, there is pro-
vided a semiconductor integrated circuit including an
inverter circuit including a pair of transistors of differ-
ent conductivities and a level shift circuit. One transis-
tor is supplied with an input signal via the level shift
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circuit, the other transistor is supplied with the input
signal directly. The level shift circuit provides a level
shift such that, when an input signal having a transition
level for distinguishing a logic level in the inverter
circuit is received, the level of the input signal via the

level shift circuit is shifted close to the threshold level
of the other transistor.

Further features and advantages of the present inven-
tion will be apparent from the ensuing description with
reference to the accompanying drawings to which,

however, the scope of the invention is in no way lim-
ited.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram of an input circuit in a
conventional semiconductor integrated circuit:

FIG. 2 is a circuit diagram of a basic input circuit in
a semiconductor -integrated circuit according to the
present invention:

FIG. 3 is a detailed circuit diagram of the input cir-
cuit of one embodiment of the semiconductor inte-
grated circuit according to the present invention;

FIG. 4 is a diagram of electric potentials at various
points in the circuit shown in FIG. 3, when the input
signal is input thereto; and

FIG. S is a detailed circuit diagram of another em-
bodiment of the semiconductor integrated circuit ac-
cording to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 is one example of a conventional circuit. The
circuit shown in FIG. 1 uses an inverter circuit 10 in-
cluding a pair of transistors (P channel transistor Ty;
and N channel transistor T13) each having a gate con-
nected to a common input terminal.

Assume that the power supply voltage V¢ of the
Input circuit is 10 V and the input signal at the input
terminal IN has a high level of 5 V and low level of 0 V.
In such a case, if the input signal at the input terminal IN
is low level, the P channel transistor Tij turns on and
the N channel transistor T2 turns off. On the other
hand, if the input signal at the input terminal IN is high

level, while the N channel transistor Ty» turns on, the P

channel transistor T1; may not turn off depending on its
threshold value since the potential of the gate con-
nected to the input terminal IN remains negative with
respect to the source connected to the power supply
V cc (in this example, the potential of the gate1s —5 V).
This is due to the fact that the high level of the input
signal is lower than the power supply voltage, so that
the value of the high level does not exceed the threshold
value Vrgpof the P channel transistor T11. This results
in the problems described previously.

FIG. 2 is a basic input circuit in a2 semiconductor
Integrated circuit of the present invention. In FIG. 2, 1
is an inverter formed by a pair of transistors (P channel
transistor T7 and N channel transistor Tg). An input
signal from an input terminal IN is level shifted by a
predetermined amount via a level shift circuit 2 and is
supplied to a gate of the P channel transistor T+. On the

other hand, the input signal is supplied directly from the
input terminal IN to a gate of the N channel transistor 8.
The level shift circuit 2 is constructed so that when

the inverter 1 receives an input signal having a level
corresponding to the transition portion of two logic
levels, by which the inverter 1 discriminates a high level
and low level, the transition level is level shifted o
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close to that of the threshold value of the P channel
transistor T7. Even if the level of the input signal 1s
narrower in range than the power supply voltage of the
integrated circuit (for example, when the power supply
voltage of the integrated circuit is 10 V, the level of the
input signal is only 5 V), the pair of transistors T7 and
Tg can be reliably turned ON and OFF in accordance
with the level change (that is, the change between 0 V
for the low level and 5 V for the high level).

That is, when the input level of the input signal at the
input terminal IN is low, the P channel transistor T
turns ON and the N channel transistor Tg turns OFF.
On the other hand, when the input level of the input
signal at the input terminal IN is high, even if the level
of the input signal is lower than the power supply volt-
age of the integrated circuit, as the level of the input
signal is shifted (raised) by a predetermined amount via
the level shift circuit 2 and input to the P channel tran-
sistor T7 (that is, shifted until it exceeds the level of the
threshold value of the P channel transistor 17 to be
input to the P channel transistor T7), the P channel
transistor T reliably turns OFF and only the N channel
transistor Tg is ON. Therefor, the two transistors are
never ON together, unlike the conventional example
mentioned above, so the input circuit does not consume
excess power and can operate rapidly and stably.

FIG. 3 is a detailed circuit diagram of the input cir-
cuit of one embodiment of the semiconductor inte-
grated circuit of the present invention, wherein the
level shift circuit 2 shown in FIG. 2 is formed by transis-
tors T to Ts.

Here, transistors T4 and Ts are P channel transistors.
A gate of the transistor Ts is input directly to the in-
verter 1 along with the input signal from the input ter-
minal IN. A gate of the transistor T41s supplied with the
potential Vy from the connecting point of the transistors
Ti and T in a level divider circuit (bias circuit) formed
by the transistors T, Ty, and Ts.

Here, the transistors T, T3, and T3divide the level of
the power supply voltage Ve and supply a predeter-
mined bias voltage Vi to the transistor T4. They form a
constant current source together with the transistor Tj.
As shown in FIG. 4, the electric potential V at the
connection point of the transistors T1and T is set at the
level near the threshold level V1yp of the P channel
transistor T7(V rgpin FIG. 4), and the electric potential
V3 at the connection point of the transistors T; and T3

is set at the transition level mentioned above (that is, the

level corresponding to the level at the transition portion
where the input signal Vy, the logic level of which is
discriminated by the inverter, is changed from low to
high).

Further, as mentioned above, the transistor T4, hav-
ing a gate where the predetermined bias voltage Vi is
supplied so as to form the constant current source, and
the transistor T's, having a gate where the input signal is
supplied from the input terminal IN, form a so-called
source follower circuit. The electric potential V 4 at the

source side of the transistor T is raised (level shifted) -

by the predetermined amount from the gate electric
potential (which is the level of the input signal).

- FIG. 4 shows the change in the electric potential V 4
(that is, the electric potential V 4 applied to the gate of
the P channel transistor T7) when, in the circuit shown
in FIG. 3, the level Vn of the input signal is changed
from low (0 V) to high (5 V). Further, as already men-
tioned, the potential V; (supplied to the gate of the
transistor T4) at the connection point between the tran-
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sistors T and T3 is set at the electric potential near the
threshold value Vrgp of the P channel transistor T35,
and the electric potential V; at the connection point
between the transistors T and T3 is set at the level of

the input signal which becomes the transition level

mentioned above for the inverter circuit 1.
The amount by which the electric potential V 4 at the

source side of the transistor Ts is shifted from its gate
electric potential (which is the level V;n of the input
signal) is set at the value which the electric potential
V4 is raised to the electric potential V1 (that is, the
electric potential near the threshold value Vrgpof the P
channel transistor V7) when the level Vy of the input
signal is in the transition level V; as mentioned above.
(Refer to FIG. 4).

In this way, when the level of the electric potential of
the gate of the P channel transistor T47 is shifted so that.
the level of the input signal exceeds the transition level
V3 (that is, high level) for the inverter circuit, the elec-
tric potential V4 immediately exceeds the threshold
value Vrgp of the transistor T7, and the transistor T

reliably turns OF¥F. Further, in FI1G. 4, Voyrshows a

level of the output signal which is output from the out-
put terminal QUT. It s high ievel (10 V) when the level
of the input signal is low level (0 V). When the level of
the input signal becomes high level (5 V), the P channel

transistor T7 turns OFF. (At this time, the N channel

transistor Tg is in the ON state). Therefore, the level of
the output signal is reliably made low (0 V).

FIG. § is a detailed circuit diagram of another em-
bodiment of the input circuit of the semiconductor inte-
grated circuit according to the present invention. In
FIG. 5, a transistor T is connected in series to the P
channel transistor Ts which forms a source follower
circuit. Provistion of the transistor T¢ enables a balance
between the transistor T¢ and the transisior T3 in the
level divider circuit (bias circuit), so the value of the
currents which flow in the transistors T4 and Ts can
easily be made a predetermined value.

A transistor To is also provided and is connected in
series with the N channel transistor Tgso that if the low
level side of the input signal is higher in level than the
threshold value of the N channel transistor Tg, the N
channel transistor is reliably turned OFF. That is, by
providing the transistor To, the potential at the source
side of the N channel transistor Tg is ratsed from the
ground potential by the predetermined level (corre-
sponding to the potential difference of one MOS diode).
Then, if the low level of the input signal is a predeter-
mined level higher than 0 V, when the low level input
signal is input, the N channel transistor Tg is reliably
turned OFF. The transistor T3 is thus prevented from
remaining ON, avoiding malfunctions of the circuit
during the low level state of the input signal.

According to the present invention, there is provided
a semiconductor integrated circuit having an input cir-
cuit wherein, even if an input signal having a level with
a range narrower than the power supply voltage, the
level change can be exactly detected. This ensures that
a high speed, stable operation can be carried out with-
out consumption of excess power.

We claim: -

1. A semiconductor integrated circuit operatively
connected to receive an input signal, comprising:

an inverter circuit including a pair of first and second

transistors having different conductivities; and

a level shift circuit, operatively connected to directly

receive the input signal and operatively connected



S
to said inverter circuit, for level shifting the input
signal and supplying the level shifted input signal
to said inverter circuit, said first transistor having a
gate operatively connected to receive the level
shifted input signal from said level shift circuit,
having a source connected to a power supply and
having a drain, and said second transistor having a
gate operatively connected to directly receive the

input signal, having a drain connected to said drain
of said first transistor and having a source, said
level shift circuit performing a level shift operation
such that, when the input signal is received and has
a transition level for discriminating a logic level in
said inverter circuit, the level of said input signal is
shifted to approximately a threshold level of said
first transistor. _

2. A semiconductor integrated circuit according to
claim 1, wherein said level shift circuit is a source fol-
lower circuit comprising:

a constant current source; and

a third transistor, operatively connected to said con-
stant current source, having a gate operatively

connected to receive the input signal, having a _

source operatively connected to said inverter cir-
cuit, and having a drain.

3. A semiconductor integrated circuit according to

claam 2, wherein said constant current source com-
prises: |

a fourth transistor having a gate, having a source and
having a drain, one of said source and drain opera-
tively connected to a power supply and the other
one of said source and drain connected in parallel
with the gate;

a fifth transistor having a gate, having a source, and
having a drain, one of said source and drain opera-
tively connected to said gate of said fourth transis-
tor and to one of said source and drain of said
fourth transistor connected in parallel with the gate
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a sixth transistor having a gate operatively connected
to said gate of said fifth transistor, having a source
and having a drain, one of said source and drain
operatively connected to one of said source and
drain of said fifth transistor not connected to said
gate of said fourth transistor and to said gate of said
fifth transistor, a second node being formed there-
between, the other one of said source and drain

connected to ground; and

a seventh transistor having a gate operatively con-
nected to said gate of said fourth transistor, having
a source and having a drain, one of said source and
drain operatively connected to the power supply
and the other one of said source and drain opera-
tively connected to said gate of said first transistor
and to said source of said third transistor, a first
potential at said first connection node being set to
approximately a threshold level of said first transis-
tor, a second potential at said second connection
node being set to a transistion level, and said first

potential being input to said gate of said seventh
transistor.

4. A semiconductor integrated circuit according to
claim 3, further comprising:

an eighth transistor, having one of a source and drain
operatively connected to said drain of said third
transistor having a gate operatively connected to
sald drain of said third transistor, and having the
other one of said source and drain operatively con-
nected to ground, for allowing currents flowing in
said fourth and fifth transistors to be made a prede-
termined value; and

a ninth transistor, having one of a source and drain
operatively connected to said source of said second
transistor, having a gate operatively connected to
said source of said second transistor, and having
the other one of said source and drain operatively
connected to ground, for raising the potential at
sald source of said second transistor by a predeter-

mined level.
' i X ¥* | *x
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